Objective: We investigated factors associated with distant recurrence, diseasefree survival (DFS), and overall survival (OS) following R0 lobectomy for pathologic node-negative (pN0) lung adenocarcinoma.
Central Message
In patients with pN0 lung adenocarcinoma treated with R0 lobectomy, pathologic T stage (pT) and lymphovascular invasion are associated with distant recurrence and decreased survival.
Perspective
Factors associated with distant recurrence following R0 lobectomy for node-negative lung adenocarcinoma have not been well studied. We sought to identify factors associated with distant recurrence and disease-free survival in patients with early-stage lung adenocarcinoma to better identify patients who may benefit from adjuvant targeted or immunotherapies.
See Editorial Commentary page 1225.
See Editorial page 1205.
Five-year overall survival (OS) is 66% to 82% for patients with surgically resected stage I non-small cell lung cancer (NSCLC) and 47% to 52% for patients with stage II NSCLC. 1 The primary contributing factor in decreased survival is recurrence; 3-year disease-free survival (DFS) is 77% to 86% for all stages of NSCLC. 2 It is widely accepted that complete resection (R0) offers improved survival over R1 or R2 resection. In patients with stage I NSCLC, 5-year OS increases from 37% for patients with R1 resection to 62% for those with R0 resection. 3 For patients with stage II NSCLC, OS increases from 29% for patients with R1 resection to 41% for those with R0 resection. 3 In addition, the results of the Lung Cancer Study Group trial support lobectomy over sublobar resection as the preferred extent of resection, even for peripheral T1N0 lesions. 4 In that study, local recurrence rates were 3-fold higher for patients who underwent sublobar resection, although distant recurrence rates were the same. 5, 6 There is a surprising lack of information regarding the incidence of distant recurrence-the primary driver of both DFS and OS-following R0 lobectomy for pathologic node-negative (pN0) disease. Moreover, evidence-based predictors of development of distant recurrence may support the inclusion of patients with these characteristics in future randomized trials designed to evaluate the role of adjuvant therapies in the treatment of early-stage node-negative lung cancer. To address this knowledge gap, we analyzed clinicopathologic and tumor genomic features associated with distant recurrence, any recurrence, DFS, and OS in a highly curated group of patients who underwent R0 lobectomy for pN0 lung adenocarcinoma.
METHODS Patient Characteristics
On approval of this study from our Institutional Review Board, we performed a retrospective analysis of our institution's prospectively maintained database for patients diagnosed with pT1-3N0M0 NSCLC who underwent surgical resection between January 2000 and March 2016. All patients underwent surgery with curative intent. Exclusion criteria included sublobar resection, non-adenocarcinoma histologic subtype, R1 or R2 resection, treatment with any induction or adjuvant therapy, synchronous lung primaries that recurred or were treated nonsurgically, or metachronous lung cancer. Metachronous lung cancers were distinguished from recurrent lesions using criteria established by Martini and Melamed 7 and molecular testing, when available.
Patient demographic characteristics, forced expiratory volume in 1 second (FEV 1 ), diffusion capacity of the lung for carbon monoxide (DLCO), primary tumor maximum standardized uptake value (SUV max ), tumor pathology (American Joint Committee on Cancer, 7th edition), and tumor genomic data (EGFR and KRAS) were recorded. A positive EGFR mutation was classified as an activating EGFR mutation (ie, exon 19 deletion or exon 21 L858R mutation). KRAS mutations were defined as present or absent.
Follow-up
Information on patient follow-up was extracted from the medical record and included medical history, physical examination, and chest computed tomography (CT) every 6 months for 2 to 3 years and then annually, in accordance with the National Comprehensive Cancer Network (NCCN) guidelines. 8 The date of the last follow-up was noted, as well as the date of death, if applicable.
For patients who experienced recurrence, the first site of recurrence was classified as either distant, locoregional, or both. Locoregional recurrence (LR) was defined as a relapse in the surgical margin or bronchus staple line or involvement of the ipsilateral mediastinal and/or ipsilateral hilar lymph nodes. 9, 10 Distant recurrence included all locations outside of LR and included supraclavicular nodes, contralateral mediastinal or hilar nodes, another lobe in the ipsilateral lung, or any tissue or organ outside of the LR zone. Simultaneous LR and distant recurrence was classified as distant recurrence. Recurrence was identified radiographically (positron emission tomography [PET] or CT) and/or by pathologic confirmation.
Pathologic Evaluation
Tumors were classified according to the predominant histologic subtype, in accordance with the International Association for the Study of Lung Cancer/American Thoracic Society/European Respiratory Society guidelines, into lepidic (including adenocarcinoma in situ), acinar, papillary, micropapillary, solid, or other (including minimally invasive adenocarcinoma and colloid subtypes).
11

Statistical Analyses
Patient demographic and clinical characteristics were summarized with descriptive statistics. Of the 893 patients included, 2 (0.2%) had missing pleural invasion status, 15 (1.6%) had missing lymphovascular invasion (LVI) status, 128 (14%) had missing histologic subtype, 21 (2.3%) had missing FEV 1 , 330 (37%) had missing EGFR mutation status, 481 (54%) had missing KRAS mutation status, and 172 (19%) had missing primary tumor SUV max data. Covariates, including outcome measures, were used in the imputation of missing data. Variables included in the multiple imputation models were age at surgery, sex, pulmonary comorbidity, cardiac comorbidity, year of surgery (divided into tertiles: 2000-2006, 2007-2013, 2014-2016) 12 we included the log of duration from surgery to any recurrence (and death without recurrence) or last follow-up, which is available for all patients. 12 Five different imputed data sets were created by predictive mean matching using the aregimpute imputation routine in R 3.1.1. (R Development Core Team, Vienna, Austria). Analyses of the survival endpoints were applied to each imputed data set, which were then combined across the data sets using the Rubin rule to obtain overall estimates of each regression coefficient and variance. 13 Year of surgery (included in models as tertiles) is an adjustment factor/surrogate for potential changes in clinical practice, especially nonsurgical therapies.
The primary endpoint was cumulative incidence of distant recurrence (CIR-distant). Secondary endpoints were cumulative incidence of any recurrence (CIR-any), DFS, and OS. All survival endpoints were estimated from the time of surgery and censored on the date of the last follow-up. Associations between variables and recurrence were analyzed using the competing risk method. For CIR-distant, independent LR and death without any recurrence were considered competing events; for CIR-any, death without any recurrence was the competing event. Differences in CIR-distant and CIR-any between groups were assessed using Gray's test.
14 Associations between variables and hazard of recurrence (distant or any) were estimated using the Fine and Gray competing risk model. 15 Multivariable models were constructed by starting with variables with P < .10 in univariable analyses, keeping age at surgery in the model. Visceral pleural invasion and tumor size were not included in the multivariable model secondary to possible collinearity with pT. All P values were 2-tailed, and P < .05 was considered statistically significant. DFS was defined from the time of surgery to the time of death or recurrence, and OS was defined from the time of surgery to the time of death; both were estimated using the Kaplan-Meier method and compared between groups using the log-rank test. The nonlinear relationship between tumor size and distant recurrence (and other time-to-event endpoints) were assessed using restricted cubic splines. 16 Goodness of fit was assessed based on modified weighted Schoenfeld residuals to test the proportionality of subdistribution hazards for the Fine-Gray model, appropriate for outcomes with competing risks. 16 We examined various functional forms of time including linear, quadratic, and log. Analyses were conducted in R 3.1.1 (R Development Core Team, Vienna, Austria) using the cmprsk package and Stata 13 (StataCorp, College Station, Tex).
RESULTS
Patient Population
In total, 2392 patients with pT1-3N0M0 NSCLC underwent surgical resection from January 2000 to March 2016. Of these, 893 met the inclusion criteria and were included in the study (Figure 1) .
Patient clinicopathologic features are summarized in Table 1 . Median follow-up was 35.0 months (range, 0.1-202 months). At the conclusion of our analysis, 638 patients (71%) remained alive without recurrence ( Table 2) . Twenty-seven patients (3%) had no additional follow-up beyond 90 days after their surgery. Among the entire cohort, 13% of patients developed recurrence (n ¼ 115), 86% of which were pathologically confirmed. In patients with isolated pulmonary recurrence, 19% (8 of 42) had molecular testing that supported recurrent disease. Most recurrences were distant (n ¼ 99). The most common sites of DR were lung (n ¼ 42), brain (n ¼ 22), and bone (n ¼ 19) ( Table 2 ). The median disease-free interval for all patients who developed any recurrence was 21.3 months (range, 0.9-176 months). The median disease-free interval was 26.9 months (range, 2.5-176 months) for pT1a tumors, 28.4 months (range, 7-130 months) for pT1b tumors, 20.5 months (range, 0.9-82 months) for pT2a tumors, and 10.8 months (range, 1.3-57 months) for pT2b/3 tumors. Of the 115 patients who experienced recurrence, 85 (74%) died (median time to death after recurrence, 18.6 months; range, 0.3-151 months). Of the 99 patients with distant recurrence, 76 (77%) died (median time to death, 15.4 months; range, 0.3-151 months). Of the 16 patients with isolated LR, 9 (56%) died (median time to death, 45 months; range, 11.4-107 months). Of these 9 patients with isolated LR who died, the cause of death was distant disease (n ¼ 2), local disease (n ¼ 2), and unknown (n ¼ 5). Isolated LRs were treated with radiation (n ¼ 6), concurrent chemoradiotherapy (n ¼ 4), surveillance (n ¼ 2), re-resection (n ¼ 2), or unknown (n ¼ 2).
Distant Recurrence
The 5-year CIR-distant for the entire cohort was 14% (95% CI, 11%-17%) (Figure 2, A) . When stratified by pT stage, the 5-year CIR-distant was 6% (95% CI, 3%-9%) for pT1a tumors, 11% (95% CI, 7%-18%) for pT1b tumors, 19% (95% CI, 14%-26%) for pT2a tumors, and 47% (95% CI, 35%-63%) for pT2b/3 tumors (P <.001) (Figure 2 , B). The 5-year CIR-distant was 11% (95% CI, 8%-14%) for patients without LVI versus 20% (95% CI, 15%-27%) for those with LVI ( Figure 2 , C). To determine factors associated with distant recurrence, we performed an initial univariable analysis using competing-risk regression ( Table 3) . As expected, several tumor features (SUV max , tumor size, pT stage, histologic subtype, and LVI) were significantly associated with the development of distant recurrence. Surgery in the more recent 2 tertiles was also associated with decreased distant recurrence (2007-2013: HR, 0.64; 95% CI, 0.41-0.99, P ¼ .045; 2014-2016: HR, 0.43; 95% CI, 0.20-0.91; P ¼ .028). Neither EGFR nor KRAS mutation was associated with distant recurrence. There was no evidence of a nonlinear relationship between age of surgery (P ¼ .095) and tumor size (P ¼ .093) with respect to distant recurrence. On multivariable analysis, pT2a tumor, pT2b/3 tumor (more likely), and tertile of surgery (2014-2016; less likely) were associated with distant recurrence. LVI had a strong correlation with distant recurrence (P ¼ .05). Primary tumor SUV max and histologic subtype, including solid and micropapillary subtypes, were not significant in the multivariable model. Based on the proposed method by Zhou and colleagues, 16, 17 the goodnessof-fit test did not detect any significant violation of the proportionality assumption among the variables in the final multivariable competing-risk regression models for distant recurrence. A multivariable competing-risk regression model based on complete cases was also performed. Characteristics of the complete case population are reported in Table E1 . Results from complete-case multivariable analysis of recurrence are reported in Table E2 for reference, although estimates should be interpreted with caution owing to a smaller sample size and lower event number.
Other Recurrences
Of the 893 patients included in the study, 16 developed isolated LR (1.8% of the entire cohort). Of the 367 patients with pT1a tumors, 3 (0.8%) developed isolated LR; in comparison, 4 of 231 (1.7%) with pT1b tumors, 6 of 236 (2.5%) with pT2a tumors, and 3 of 59 (5.1%) with pT2b/3 tumors developed isolated LR. The CIR-any was 16% (95% CI, 13%-19%) for the entire cohort, 6% (95% CI, 4%-10%) for pT1a tumors, 14% (95% CI, 9%-21%) for pT1b tumors, 24% (95% CI, 18%-31%) for pT2a tumors, and 53% (95% CI, 41%-69%) for pT2b/3 tumors. As expected, variables associated with any recurrence on univariable analysis were largely the same as those associated with distant recurrence; these included primary tumor SUV max , tumor size, pT1b, pT2a, pT2b/3, surgery in more recent tertiles, histologic subtype, visceral pleural invasion, and LVI (Table E3 ). There was no evidence of nonlinear relationship between tertile of surgery (P ¼ .286) and tumor size (P ¼ .070) with respect to any recurrence. On multivariable analysis, the same variables associated with distant recurrence remained associated with any recurrence (surgery in the most recent tertile [decreased risk] and lymphovascular invasion, pT2a, and pT2b/3 [increased risk]) (Table E3 ). The goodness-of-fit test did not detect significant violation of the proportionality assumption among the variables in the final multivariable competing-risk regression models for any recurrence.
DFS and OS
The 5-year DFS for the entire cohort was 72% (95% CI, 68%-76%), and 5-year OS for the entire cohort was 78% (95% CI, 74%-82%). The 5-year DFS was 84% (95% CI, 79%-89%) for pT1a tumors, 73% (95% CI, 66%-82%) for pT1b tumors, 63% (95% CI, 55%-71%) for pT2a tumors, and 35% (95% CI, 24%-51%) for pT2b/3 tumors (P < .001) (Figure 3, A) . The 5-year OS was 86% (95% CI, 82%-91%) for pT1a tumors, 76% (95% CI, 69%-85%) for pT1b tumors, 73% (95% CI, 66%-81%) for pT2a tumors, and 56% (95% CI, 43%-72%) for pT2b/3 tumors (P <.001) (Figure 3, B) . The 5-year DFS was 62% (95% CI, 54%-70%) for patients with LVI versus 76% (95% CI, 72%-81%) for patients without LVI (P ¼ .004) (Figure 4, A) . The 5-year OS was 69% (95% CI, 61%-77%) for patients with LVI versus 81% (95% CI, 77%-85%) for patients without LVI (P ¼ .105) (Figure 4, B) .
DISCUSSION
There is a paucity of data on predictors of distant recurrence-the major driver of decreased DFS and OS-for early-stage lung cancer. Our study is unique in that it focuses on patients with lung adenocarcinoma who have had optimal surgical treatment (lobectomy and R0 resection) and node-negative disease (pN0) and thus should have a relatively low risk of developing distant recurrence. Interestingly, even in this select cohort, the overall 5-year CIR-distant was 14%, which increased to 47% for T2b/3 tumors. We found that pT stage was associated with both distant recurrence and decreased DFS and that LVI strongly correlated with pT stage and was associated with decreased DFS. This suggests that to mitigate the risk of distant recurrence and to improve survival, adjuvant therapy should be considered for appropriately selected patients, although the type and duration of such systemic treatment is not currently known.
In this study, pT stage, which is largely defined by tumor size, was associated with distant recurrence. Wu and colleagues 18 found that tumor size was a predictor of all recurrence in patients with stage I NSCLC; however, that study did not directly evaluate distant recurrence but instead created a scoring system for various factors to evaluate the risk of distant recurrence. Large tumors (3-5 cm) were given higher weight in the scoring system, and overall, patients with high or intermediate risk scores had a higher risk of distant metastases compared with those with low risk scores (P ¼ .016). 18 The role of adjuvant therapy for larger, node-negative tumors remains unclear. The Cancer and Leukemia Group B (CALGB) 9633 trial evaluated the benefit of adjuvant paclitaxel and carboplatin versus placebo after resection of pT2N0M0 NSCLC. 19 The trial included all tumor histologic subtypes and found no difference in DFS or OS between groups. However, post hoc analysis suggested that patients with tumors>4 cm treated with adjuvant chemotherapy experienced improved DFS and OS versus placebo. 19 We found an association between both pT2a (>3 cm) and pT2b/3 (>5 cm) tumors and distant recurrence. Collectively, the findings of the CALGB 9633 study and our findings support that higher pT stage node-negative tumors are associated with a high incidence of distant recurrence. The current NCCN guidelines suggest that adjuvant chemotherapy should be considered for patients with high-risk factors, including tumor size >4 cm (level 2A evidence). 8 We also found a strong correlation between LVI and distant recurrence, an association between the presence of LVI and any recurrence, and decreased DFS in patients with LVI. However, in our complete case analysis, LVI was not associated with increased risk of recurrence. This discrepancy in findings may be due to the smaller sample size in the complete cohort, an overwhelming significance of pT stage that overshadows less dramatic associations, or a lack of true significance. Previous studies have demonstrated a relationship between LVI and recurrence. Kiankhooey and colleagues 20 found that LVI was a predictor of any recurrence and multisite recurrence in 532 patients with stage IA to IIA NSCLC. In addition, a meta-analysis by Mollberg and colleagues 21 of patients with stage I NSCLC found that LVI was significantly associated with worse DFS (P ¼ .036) and OS (P ¼ .006). For tumors > 4 cm, the NCCN guidelines cite LVI as a ''high-risk factor'' that may be used to select patients for adjuvant therapy; however, the presence of isolated LVI is currently not an indication for adjuvant therapy (level 2A evidence). 8 Our group has led an effort to find associations between histologic subtype and outcomes in patients with lung adenocarcinoma. 22, 23 In the present study, we found no association between micropapillary histologic subtype and recurrence on multivariable analysis (Tables 3 and E3) . Previous studies have demonstrated that micropapillary subtype is associated with poor outcomes, including increased overall recurrence, decreased DFS, and decreased OS; however, very few studies have focused on the relationship between micropapillary subtype and distant recurrence. 24, 25 We have previously shown that patients with small (<2 cm) node-negative adenocarcinomas with a micropapillary-predominant histologic subtype who underwent sublobar resection had a higher rate of overall recurrence, particularly local recurrence. However, distant recurrence was not specifically evaluated, and micropapillary histologic subtype had no effect on recurrence in the lobectomy arm of the analysis. 23 In addition, we found no association between solid histologic subtype and distant recurrence on multivariable analysis. We have previously reported that in patients with surgically resected small (<2 cm) lung adenocarcinoma, solid histologic subtype was associated with earlier, extrathoracic, and multisite recurrence, particularly in sublobar resections. 22, 23 Our cohort differs in that >50% of patients had tumors >2 cm and all patients underwent lobectomy; nearly one-third of the patients in the aforementioned report underwent sublobar resection.
Although we found an association between tumor SUV max and distant recurrence on univariable analysis, this association did not remain significant on multivariable analysis. A review of the literature shows mixed results regarding an association between tumor SUV max and recurrence. 20, [26] [27] [28] Possible explanations for this lack of consensus include differences in the inclusion criteria for each study, varied tumor SUV max classification systems (categorical vs continuous variable), and variability of PET/CT scans across institutions.
In addition, we found that year of surgery, as expressed by tertile, was associated with distant recurrence on multivariable analysis-meaning that patients included in the early years of the study had a higher risk of recurrence than patients who underwent surgery more recently. Previous studies have demonstrated a 0.5% to 2% recurrence rate per year after 5 years, even in patients with stage IA NSCLC. 29 This association in our study is likely due to both longer cumulative times to develop recurrence for patients in the earlier years of the study, as well as changes in clinical practice throughout the duration of our study.
Molecular genetics play an increasingly important role in pathological examination of tumors. The NCCN guidelines recommend routine molecular testing for EGFR (category 1), ALK (category 1), ROS1 (category 2A), BRAF (category 2A), and PD-L1 (category 2A) to help guide therapy. 8 At our institution, we also perform Integrated Mutation Profiling of Actionable Cancer Targets (IMPACT) testing on nearly all of our primary cases of NSCLC to profile molecular aberrations and discover potential new molecular drivers. 30 Here we evaluated 2 clinically relevant mutated genes in NSCLC (KRAS and EGFR). We found no significant associations between EGFR-activating or KRAS mutations and recurrence in our cohort. Izar and colleagues 31 reported on 307 patients with resected stage IA lung adenocarcinoma (30% sublobar resections) and found a lower recurrence rate for patients with an activating EGFR mutation compared with those with EGFR wild-type tumors (9.7% vs 21.6%; P ¼ .03). 31 In contrast, Kobayashi and colleagues 32 examined 127 patients with p-stage IA lung adenocarcinoma who underwent lobectomy and found no association between EGFR mutation status and recurrence. Our group found no association between recurrence and EGFR mutation; however, we eliminated all patients who underwent sublobar resection and included patients with much larger tumors than in either of the aforementioned studies. In addition, EGFR mutation data (n ¼ 541) were not available for all patients: 37% of patients lacked these data, and these missing data may have affected our findings.
We also found no association between KRAS mutation and recurrence in our highly selected patient population. A review of the literature on the prognostic value of KRAS in early-stage, node-negative lung cancer offers no clear answers. Izar and colleagues 33 reported an association between KRAS mutation and worse survival in patients with stage I disease; however, a meta-analysis of 4 adjuvant chemotherapy trials (n ¼ 1543) found no association between KRAS mutation and OS or DFS. 34 We recently examined the prognostic value of KRAS mutation in patients with node-negative, p-stage I or II lung adenocarcinoma and found no association between KRAS mutation and risk of recurrence (P ¼ .29). 35 A subset analysis by histologic subtype revealed an increased risk of overall recurrence for solid-predominant KRAS mutant tumors (12% of the entire cohort), but not for other histologic subtypes. 35 The utility of targeted therapies for patients with pN0 lung adenocarcinoma who are at high risk for distant recurrence has not been adequately studied. The Randomized Double-Blind Trial in Adjuvant NSCLC with Tarceva (RADIANT) trial evaluated adjuvant erlotinib therapy in patients with surgically resected stage IB to IIIA NSCLC with tumors expressing EGFR using immunohistochemical analysis (1% staining) or fluorescence in situ hybridization. 10 DNA sequencing of the tumor to discern the presence of activating mutations was not performed. 10 Not surprisingly, there was no difference in DFS or OS between the placebo and erlotinib arms. 10 More recently, the Adjuvant Lung Cancer Enrichment Marker Identification and Sequencing Trials (ALCHEMIST) began accruing patients with stage IB-IIIA NSCLC and stratifies patients to receive adjuvant erlotinib (EGFR-activating mutations), crizotinib (ALK-EML4 rearrangements), or nivolumab (neither EGFR-activating nor ALK-EML4 rearrangement). 36 The results of this study will help determine whether highly selected patient populations may benefit from adjuvant targeted therapies or immunotherapies, including those with earlier-stage lung cancers.
The limitations of this study include its retrospective, single-institution design, which may limit the generalizability of our findings. In addition, variances in preoperative staging approaches during the study period may have affected our results. For example, 63 patients (7%) did not undergo a preoperative PET scan to rule out metastatic disease. However, only 2 of those patients had a distant recurrence, neither of which occurred before 24 months. This suggests that none of these patients had metastatic disease at the time of surgery. Another potential limitation is that this study extends across 16 years. Although our long-term follow-up is a strength, it also may be a limitation given the changes in treatment algorithms over time. For example, adjuvant chemotherapy has been increasingly used for larger, node-negative tumors. Therefore, more of these patients in the later years of our analysis may have been excluded, leading to an unintended selection bias. Finally, lack of a prospective, standardized intraoperative lymph node assessment protocol may have led to pathologic nodal understaging. However, the high OS of 78% in our entire cohort and the relatively similar p stage-specific results in the recent International Association for the Study of Lung Cancer studies suggest that this is unlikely. 37 
CONCLUSIONS
Our study demonstrates that pT stage and LVI are associated with distant recurrence in patients undergoing complete (R0) lobectomy for pN0 lung adenocarcinoma, without induction or adjuvant therapies. Distant recurrence rates remain very high (19%-47%) for larger T-stage tumors, despite the use of an optimal surgical approach and node-negative disease. This study emphasizes the importance of actively accruing patients to current and future adjuvant therapy trials that examine the effect of targeted therapies and immunotherapies on decreasing distant recurrence.
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Discussion
Dr Michael Lanuti (Boston, Mass). Dr Brandt, congratulations on a wellpresented study and good recovery there with your manuscript and your coauthors from Memorial. I just want to highlight a few things just in case they went by you. This is a node-negative analysis of tumors that were T1, T2, T3 up to 9 cm. And so the findings overall, I would say that with regard to predictors of recurrence T stage, are pretty intuitive; the higher T stage the more likely you are going to recur. So this corroborated lymphovascular invasion. You didn't mention the year of surgery, which we will talk about.
The analysis of this cohort is over 16 years, and that is otherwise challenging. The accumulation of patients during this time contributed to statistical power, but as the authors have recognized, the analysis over that long time period is subject to changes in treatment and staging modalities and the use of PET and, in fact, invasive mediastinal staging. So this is probably most appreciated in the patients who had stage IIA and IIB disease; I think there were about 52 of them. So those patients, in about 2006 after the International Adjuvant Lung Cancer Trial, would receive adjuvant therapy. So essentially, if you were to remove them from your cohort, they would enhance the fact that there would be less recurrence.
One thing that I had thought about was, have you considered excluding those high-risk patients from the analysis to focus on the risk of, let's say, smaller or stage IA and B disease?
Dr Whitney Brandt (New York, NY). This is a good point. We recognize that patients with pT2b or 3 tumors have a known decrease in survival compared to those with lesser pT disease. But one of the goals of our study was to estimate the actual risk of distant recurrence in patients with larger tumors even though they were still node-negative, and I think that finding that 50% of patients with node-negative disease and larger tumors and assigning a number to it is helpful for the population. But, yes, it doesn't make it as clean with them.
Dr Lanuti. Another observation was that in your list of recurrences there were about 42 recurrences that were in the lung. So how were you able to reconcile whether those were actually metachronous lung cancers or really metastatic disease when you were doing your analysis?
Dr Brandt. We used, as I mentioned, the criteria put forth by Martini, and part of that was using histology, histologic subtype patterns, and then tumor genomic data when available.
Dr Dr Brandt. To answer the first part of your question, it has to do with the actual year of surgery. So all the patients in, for example, 2016 had a lesser chance of developing recurrence than patients that were included in 2000. And part of what we thought as the reason behind that is in part due to what you said about patients that were included later years in the study with larger tumors were more likely to probably get adjuvant therapy and therefore be excluded from the study. So there might be a little bit of selection bias, but the larger part might be in fact due to patients in more recent years have had less time to follow up and therefore they might recur if they had longer time to follow-up in case we did this study 5 years later and ended at 2016, and maybe those patients would have developed distant recurrence.
Dr Lanuti. My last question is with regard to genotyping, because as the audience hopefully recognized, this is all lung adenocarcinoma, and the reason was that you were looking for genotyping, which would be done strictly on adenocarcinomas, and so the squamous cells, which were about 800 or so, or other histologies were excluded. And you mentioned that there was no risk with regards to an EGFR mutation versus wild type in a node negative resected lung cancer. I am surprised you didn't capture a signal, because in our own work, and we just updated this with 700 patients who were resected lobectomies node-negative, if you were an EGFR mutant, you were protected against recurrence with a hazard ratio of about .4, these are chemonaive patients, as opposed to a wild type where you had more recurrence. I'm curious that you didn't pick up a signal. Can you comment on that?
Dr Brandt. I looked at your previous paper, not the most recent one with 700 patients but the one with about 350 patients, and it is interesting that we did find different results between our study and yours. I have a couple of reasons, but maybe due to the selection differences in our papers. In your first paper with 350 patients, about 40% of patients had sublobar resection, and in our study, as I highlighted, our median tumor size was 2.2 cm, with a range from .2 to 9 cm, and your study was smaller tumors. This could be due to a difference in size or the resection itself.
Dr Lanuti. I congratulate the authors on expanding the literature on recurrence of stage I. This is a place where surgeons have a particular influence because this is what we treat.
Dr Brandt. Thank you. Dr Seth Krantz (Evanston, Ill). That was a great talk. I really appreciate it. The point about adjuvant therapy is very interesting. My question, though, is how were most of these patients with distant recurrence found? I don't know if I missed that, but I saw 5% of T1 patients and 16% of T2 patients who when I follow these patients who aren't getting adjuvant therapy are getting serial CT scans of the chest and that will catch the adrenals. Were these patients being found on just routine follow-up CT scans, were they symptomatic? At a 16% distant recurrence rate, does that maybe imply we should be following these patients differently than just a chest CT when they are failing distantly as opposed to locally?
Dr Brandt. All of our patients were followed up according to the NCCN guidelines. So for the first 2 to 3 years they had a history and physical and then a CAT scan every 6 months and then after that annually. Some patients were found on those CAT scans and some PET CT's if they were done for any reason, and 86% of those were confirmed by pathology when found.
Dr Krantz. Do you know, were most of the recurrences found on surveillance or were patients symptomatic?
Dr Brandt. I don't have that data, but that is an interesting point.
Dr Ching Tzao (Taipei, Taiwan).
Congratulations on this wonderful presentation and paper. I have a question. When you set out all these parameters or the predictors, is there any particular reason that you exclude metabolic predictors, like PET scan, the SUV? Those are extensively investigated in previous reports. And the second thing is the visceral pleural invasions; is there any particular reason that you exclude this risk factor from your study, because those are conventionally believed important risk factors? That's question one.
And the second, based on your result, do you think if patients carry high risk factors, would that alter the way you follow the patients?
And in the final conclusion, you said that adjuvant therapy might be needed. How do you propose a working model to validate these things?
Dr Brandt. The first question was about whether SUV primary and visceral pleural invasion were evaluated. We did look at SUV primary. It was significant on univariable analysis, but when we looked at multivariable analysis it fell out. In part, we were thinking that might be highly associated with tumor size.
We also looked at visceral pleural invasion. In univariable, it was significant, and it also fell out in multivariable, and which we found was highly associated with pT stage and that's why.
Your second question? Dr Tzao. The patients with high risk factors from your study, would that alter the way you follow the patients? Dr Brandt. I am not sure about the way we follow the patients, but I think what we really need are nomograms that say if you have lymphovascular invasion and a higher pT stage, what is your risk of recurrence, and that should possibly drive giving adjuvant therapy, and we don't know specifically if chemotherapy is better or targeted therapies may be the way to go. Right now Memorial is enrolling patients in the ALCHEMIST trials, which take patients with EGFR mutations and give those patient erlotinib, there is a second arm with patients with ALK rearrangements who get crizotinib, and a third arm without either of those mutations who get nivolumab. So that might help kind of sort out whether or not these patients would benefit from adjuvant therapy.
Dr Tzao. The other thing I am curious about is the lymph node dissection. Some of the results may be biased by the underestimation by less lymph node dissection. Is that a possible factor for distant recurrence in the future? Did you look into that?
Dr Brandt. We looked into that and we evaluated how many patients got appropriate lymph node staging, because that is definitely a possibility if they were understaged. We think that probably is not the case, and that is partially because our overall survival is very similar to that which is reported in the literature and it is very good. So we think that most patients were probably staged appropriately, although it is still a possibility. 
